ABSTRACT: For the reason of rising proportion of the nonstructural components in engineering cost, and its main function can't interrupt after the earthquake and its damage is easy to cause the secondary disasters, the researchers gradually brought the attention to the seismic performance of nonstructural components, and the study of its seismic performance has been gradually deepening. This paper will discuss the research status of the seismic performance of nonstructural components from the three aspects of classification of nonstructural components, seismic calculation method and details of seismic design. The seismic calculation method will introduce the research progress of equivalent lateral force method and the floor response spectrum method, details of seismic design are expounded in several design principles and specific methods, and some suggestions for further researches are put forward. KEYWORD: Nonstructural components; Seismic calculation method; details of seismic design 1 INTRODUCTION Nonstructural components include architectural nonstructural members and subsidiary mechanical and electrical equipment, seismic design for its own and the connection with main structure should be made.
INTRODUCTION
Nonstructural components include architectural nonstructural members and subsidiary mechanical and electrical equipment, seismic design for its own and the connection with main structure should be made. [1] Nonstructural component is also known as secondary structure or subsidiary structure, it's an indispensable part of the building function as specified.
For general architecture, the cost of nonstructural component occupies a major proportion in the engineering cost. For large public buildings, the proportion is higher, and easy to be attacked by disaster [2] [3] [4] . Based on the statistical analysis of earthquake, we can draw a conclusion that when the structural components are largely intact or slightly damage, the nonstructural components damage severely and they are difficult to repair, and caused serious economic losses. Some nonstructural components can't interrupt their function after the disaster, such as the damaged emergency power generators which could not be used in hospital would cause tremendous influence on the injured emergency treatment. Some even can cause the secondary disasters, such as the damaged pipes or electricity lines would cause the flood or fire, and the post-disaster relief got more difficult. With the development of the national ________________________ College of Civil Engineering and Architecture, Harbin University of Science and Technology, No. 52 Xuefu Road, Nangang District, Harbin, PR China, 150080 economy, the construction technology and construction management level continuously improve, people are concerned about the seismic performance of structures, and put forward higher requirements to the seismic performance of nonstructural components at the same time.
For general architecture, the seismic performance of nonstructural components mainly research from two aspects of seismic calculation method and details of seismic design. The thought of equivalent lateral force method has been adopted by most countries and written into a specification, but the adoption of specific parameters and expression is different among the countries.
Furthermore, the floor response spectrum method is in the continuously developing stage. The details of seismic design play an important role for reducing the building earthquake damage, and the reasonable construction measures proposed by experts and scholars applied in the engineering practice. But according to the statistical analysis in the earthquake, the seismic damage of the structural components was quite severe, so the research on details of seismic design still need go further.
CLASSIFICATION
As an important part of buildings, nonstructural components have a great variety, such as ceiling, nonbearing wall, curtain wall, windows and doors, fire fighting system, etc. Reasonable classification is the basis of scientific research, so classified the nonstructural components according to the function, the dynamic characteristics and importance, see Figure 1 .
CALCULATION METHOD
There are many seismic calculation methods, and the equivalent lateral force method and the floor response spectrum method is commonly used.
Equivalent lateral force method regards the nonstructural components as a single degree of freedom system to simplify as the lateral seismic force which is proportional to the force of gravity and acts on the center of gravity. Through the analysis and comparison to the countries such as China, America, Japan, it was found that the standard value of horizontal seismic action could be concluded as F=KG, where F is the seismic force of nonstructural components; G is the gravity of nonstructural components; K is the coefficient considering various factors, and the main factors considered in China are design acceleration, function (or importance) coefficient, coefficient of component category, location coefficient and dynamic amplifying coefficient. Han Qing-hua and other scholars calculate the same example by the formula of different countries got the following results, see Table 1 . The table above indicates that the calculation results make a great difference among countries due to the difference of specific parameters and values. Considering the security, the result in China is more than twice as large as that in Japan. For the researchers show a lack of deep understanding of coefficients in the formula at present, most of the values are born of experience, so the coefficients still need be further adjusted by the experiment research.
Floor response spectrum method is considered the main structure response with the form of a spectrum (floor response spectrum) as the input of the subsidiary structure, and acting on the points connected the main structure with the subsidiary structures. [6] Floor response spectrum describes the maximum response characteristics of oscillator with different frequency under the action of floor movement. In order to correctly consider the dynamic performance of the combined system, researchers put forward three kinds of typical floor response spectrum in turn, are cross floor response spectrum, cross-cross floor response spectrum and modified CCFS. [7] Qin Quan and other scholars devoted to the study of floor response spectrum. The first generation of floor response spectrum got a large error because they didn't consider the reaction of equipment. The second generation established a more efficient floor spectrum analysis program FSAP by the random vibration method, and further selected six typical high-rise buildings, then set up more than 600 floor response spectrum of single bearing equipment.
[8] [9] 4 CONSTRUCTION MEASURES Niu Ze-zhen put forward many methods and principles for the details of seismic design of nonstructural components, such as setting up the metal belt around the partition wall, placing the window frame in the structural framing using springs, set aside enough clearance and properly connecting and anchoring. [10] Hao Jin-feng and other scholars analyzed the seismic damage of nonstructural components, gave the seismic fortification target and seismic performance index of nonstructural components, put forward the corresponding seismic measures. [11] Lu Wen-sheng researched on the unstructured wall, put forward the specific construction measures, and suggested the ordinary filler wall adopted the reinforced method of quincunx whose reinforcement spacing should be 700mm in seismic region with intensity 7, and the reinforcement spacing of masonry which had damaged should be less than 500 mm. [12] The reasonable and effective construction measures improve the seismic performance of nonstructural components at the same time of saving resource. More reasonable construction measures will be proposed and applied to engineering practice through continuous analysis and research.
CONCLUSION
There have been many detailed standards and guidelines of seismic design for the main structure, but the relevant standard and guideline for the nonstructural components is little. For the reason of rising proportion of the nonstructural components in engineering cost, and its main function can't interrupt after the earthquake and its damage is easy to cause the secondary disasters, the researchers gradually brought the attention to the seismic performance of nonstructural components, and the study of its seismic performance has been gradually deepening. In addition to the special profession, the nonstructural components should be researched from two main aspects of seismic calculation method and details of seismic design after reasonable classification, and further correct the coefficient of the equivalent lateral force method, explore the standardization of floor response spectrum and the response of the interaction between primary and secondary structure. More and more effective construction measures will be applied in the engineering practice, and then reduce the economic loss and casualties caused by seismic disasters.
